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(54) Transmission power control scheme for OFDM communication links 



(57) A power control scheme for an OFDM commu- 
nication link is provided comprising a method, a receiv- 
ing device and a transmitting device for controlling the 
transmitting power of a wireless OFDM communication 
link, wherein two or more blocks in the time-frequency 
grid of the OFDM system are assigned to said commu- 
nication link and wherein each block can hop across the 
time-frequency grid of the OFDM system. The power 
control scheme comprises the measuring of the quality 
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of the signals received from a transmitter by a receiver, 
classifying the signal's quality, sending power control in- 
formation from the receiver to the transmitter based on 
the result of the classification of the signal quality, and 
adjusting the transmitting power of the transmitter ac- 
cording to the power control information, wherein the 
power control information sent to adjust the transmitting 
power of the transmitter contains separate information 
for each block assigned to the communication link. 
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Description 

[0001] The present invention relates to a control of the 
transmitting power of a cellular Orthogonal Frequency 
Division Multiplexing (OFDM) communication system, 5 
in particular to a wireless OFDM system, where two or 
more blocks in the time-frequency grid of the OFDM sys- 
tem are assigned to a communication link, and whereby 
each block can hop across the time-frequency grid of 
the OFDM system. 

[0002] Recently, intense attention has focused on 
multiple access schemes which offer very high data 
rates over wireless channels for applications including 
wireless internet access, wireless multimedia and future 
generation mobile communication systems beyond 
UMTS. One of the main concerns of wireless cellular 
communication systems is inter-symbol interference, a 
major problem in high data rate transmission over mul- 
tipath fading channels. There are many available multi- 
ple access schemes such as FDMA, TDMA, CDMA, 
OFDM and others. Multiple access schemes using 
OFDM offer promising solutions for the above challeng- 
es. 

[0003] In a multiplex access scheme using OFDM, 
each communication link can be assigned one or more 
blocks across the time-frequency grid of OFDM based 
on its require data rate whereby each block joins a 
number of adjacent subcarriers and a number of adja- 
cent time slots. Each block can hop across the time-fre- 
quency grid of the OFDM system following its own pseu- 
do-randomly hopping pattern. The hopping pattern will 
either be repeated for every frame, superframe or any 
other predefined fixed time period. 
[0004] The channel transfer function of the various 
channels may not only change from time to time but also 
from subcarrier to subcarrier. The variations in the re- 
ceived signal strength can be compensated by a power 
control adapted to track these variations and being able 
to keep the signal strength fixed at the receiver side. 
[0005] According to conventional power control 
schemes, the quality of the received signals is meas- 
ured on the receiver side, whereby the signal-to-noise- 
ratio, the carrier-to-interference-ratio, the bit-error-rate 
or any other quality measurement can be used for a 
quality judgement. The figure of the measured quantity 
is then compared to a set value or a set threshold, which 
may itself be adjusted dynamically based on the servic- 
es just used. If the figure of the measured quantity is 
higher than the set value or threshold, then a "down" 
command will be sent to the transmitter to reduce the 
transmitted power, if the figure is smaller, an "up" com- 
mand will be sent to increase the transmitted power, else 
the transmitter will be instructed to keep the current pow- 
er level. 

[0006] By the adoption of power control, the average 
transmitted power can be reduced under dynamic wire- 
less multipath fading conditions. Due to the resulting re- 
duction of the average transmitted power, the effect of 



other cells' interference or intercell interference can be 
reduced for cellular wireless systems thereby increasing 
the overall capacity of the system. 
[0007] For wireless OFDM systems in which two or 
more blocks are allocated to a wireless communication 
link, and wherein the blocks are disjoint in frequency, a 
conventional power control system measuring the qual- 
ity of the received signals from ail the blocks uses only 
one qualifying figure representative for all the blocks. 
Consequently, only one common control is used for the 
compensation of variations in the signal transfer func- 
tions of all the blocks. In other words, the total transmit- 
ted power will be increased although this would only be 
necessary for one or a few of the blocks while for other 
blocks the transmission power could be reduced. 
[0008] The conventional power control therefore 
brings some performance degradation when the chan- 
nel transfer functions of different blocks change in a dif- 
ferent manner. This is very likely when the frequency 
spacing between two different blocks in an OFDM wire- 
less system is much larger than the coherent bandwidth, 
as it is desirable. When, e.g. the channel transfer func- 
tion of one block becomes better and the transmitter 
side could reduce the transmission power it is likely, that 
at the same time, the channel transfer function of anoth- 
er block may become worse and the transmitter side has 
to increase its transmission power. A conventional pow- 
er control system will then be unable to achieve an op- 
timal solution for this situation. Consequently, the aver- 
age transmitted power of a system using such a con- 
ventional power control scheme will be relatively high, 
thus could increase intercell-interference which results 
in a reduction of the overall system capacity. 
[0009] It is therefore an object of the present invention 
to provide a power control scheme which optimises the 
transmitted power for wireless OFDM systems in which 
two or more blocks are allocated to a communication 
link and wherein the blocks are disjoint in frequency. 
[0010] This object is achieved by a method for con- 
trolling the transmitting power of a wireless OFDM com- 
munication link, whereby two or more blocks in the time- 
frequency grid of the OFDM system are assigned to the 
communication link and whereby each block can hop 
across the time-frequency grid of the OFDM system, 
comprising the steps of measuring the quality of signals 
received from a transmitter by a receiver, classifying the 
signal's quality, sending power control information from 
the receiver to the transmitter based on the result of the 
classification of the signal quality, and adjusting the 
transmitting power of the transmitter according to the 
power control information whereby the power control in- 
formation sent to adjust the transmitting power of the 
transmitter contains separate information for each block 
assigned to the communication link. 
[0011] The object is further achieved by a receiving 
device for controlling the transmitting power of a wire- 
less OFDM communication link described above, estab- 
lished with a transmitter, comprising a measuring means 
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for determining the quality of signal received from a 
transmitter, a classifying means for classifying the sig- 
nal's quality, and a sending means for sending power 
control information to the transmitter based on the result 
of the classification of the signal quality, whereby the 
sending means encloses for each block a separate in- 
formation in the power control information. 
[0012] Further, the above object is achieved by a 
transmitting device for control ling the transmitting power 
of a wireless OFDM communication link of the above 
kind established with a receiver, comprising a multiplex- 
ing means for distributing the signals to be transmitted 
to separate processing branches, whereby each 
processing branch is assigned to one block of the com- 
munication link, an OFDM hopping pattern control 
means providing a separate processing branch for each 
block assigned to the communication link, a power gain 
control means adjusting the signal gain according to the 
power control information received from the receiver, 
and a transmitting means for transmitting the gain ad- 
justed signals whereby the power gain control means 
provides a separate processing branch for each block 
assigned to the communication link. 
[001 3] The proposed scheme for controlling the trans- 
mitting power of a wireless OFDM communication link 
allows an effectively optimised transmitting power con- 
trol adjustment by taking into account the different chan- 
nel transfer functions for each of the blocks separately. 
Consequently, the overall transmitting power level 
should be reduced as compared with the conventional 
power control scheme thereby reducing the intercell-in- 
terference and as a further consequence increasing the 
overall system capacity. 

[0014] Further advantageous features are claimed in 
the respective subclaims. 

[0015] Advantageously, the signal processing branch 
of the transmitting device for controlling the transmitting 
power of a wireless OFDM communication link compris- 
es an OFDM hopping pattern control means for the 
block assigned to a processing branch and a power gain 
control means for adjusting the signal gain according to 
the power control information received for the block as- 
signed to this processing branch from the receiver. 
Thus, the power can be controlled separately for each 
block. 

[0016] The quality of the received signal is advanta- 
geously determined based on a measurement of the sig- 
nal-to-noise-ratio of a signal received from the transmit- 
ting device. Alternatively, a figure for the signal quality 
is derived from a measurement of the carrier-to- interfer- 
ence-ratio or the bit-error-rate of a signal received from 
the transmitting device. Further advantageously, a de- 
termination of the signal quality may be based on a com- 
bination of at least two of the above mentioned qualify- 
ing quantities, allowing a judgement of the signal quality 
related to practically relevant signal distortions. 
[0017] It is advantageous, that the blocks hop across 
the time-frequency grid according to a pseudo-randomly 



scheme, whereby further advantageously, the hopping 
pattern is repeated with a period of one frame or a period 
of one superf rame or with a predefined fixed time period, 
for achieving an easily manageable allocation system. 

5 [001 8] The proposed power control scheme is further 
advantageously used for up-link connections from a mo- 
bile communication device to a base station and for 
down-link connections from a base station to a mobile 
communication device to ensure a good two-way com- 

io munication. 

[0019] The power control scheme according to the 
present invention can e.g. be implemented in a mobile 
terminal and/or in a base station for an OFDM commu- 
nication system e.g. an OFDM communication system 

is according to the UMTS standard. 

[0020] In the following description the present inven- 
tion is explained in more detail in relation to the enclosed 
drawings, in which 

20 Fig. 1 shows a time-frequency grid representation 
of the resource assignment for one communication 
link being assigned two blocks in an OFDM wireless 
system 

25 Fig. 2 shows a block diagram of a prior art power 

control transmitter scheme 

Fig. 3 shows a receiver structure for the evaluation 
of the signal quality according to the present inven- 
30 tion 

Fig. 4 shows a transmitter structure for a power con- 
trol according to the present invention. 

35 [0021] In an OFDM system, the information to be 
transmitted is modulated onto a number of subcarriers 
orthogonal to each other in a frequency domain. A plu- 
rality of subcarriers can be allocated to a variable 
number of channels, each channel containing a variable 

40 number of subcarriers : depending on the signal trans- 
mission rate requested. 

[0022] A resource assignment 10 for one communi- 
cation link of a user in an OFDM wireless system is 
shown in Fig. 1 . In this example, both a block 11 and a 

45 block 12 of different size are assigned to one communi- 
cation link. The first block is named Block 1 and the sec- 
ond Block 2. Generally, the number and size of the 
blocks assigned to one link depends on the required da- 
ta rate and the subcarriers available. The size of each 

50 block is defined by its number of adjacent subcarriers 
1 4 and number of joint time slots 1 3. A different number 
of joint subcarriers can be allocated to different blocks 
so that the blocks vary in size or, more exactly, the band- 
width used varies from block to block. 

55 [0023] To realise frequency diversity and interference 
diversity, the frequency band can be changed for a 
block. Usually the bandwidth is kept constant for each 
block so that the size of the blocks does not vary while 



3 



120421 7A1J_> 



5 

changing the frequency band. The continuous changing 
of the frequency band for each block is called hopping. 
Each block can pseudo-randomly hop across the time- 
frequency grid of the OFDM system, whereby the hop- 
ping schemes of the individual blocks of one communi- 
cation link are not correlated with each other as shown 
in Fig. 1 . The hopping pattern of the blocks can be re- 
peated with any predefined fixed time period like e. g. a 
frame or a superframe. 

[0024] It is desirable, that the frequency spacing be- 
tween two different blocks in an OFDM wireless system 
is much larger than the coherent bandwidth to obtain 
frequency diversity. Due to this, multipath propagation 
will have a different effect on the channel transfer func- 
tion of each block. Furthermore, the channel transfer 
function of a block will vary with the block hopping from 
one frequency band to the next. By employing a pseudo- 
random block hopping scheme, the variations of the 
channel transfer function for each block are not corre- 
lated with the variations in the channel transfer function 
of a different block. Therefore, a regulation of the power 
gain according to the channel transfer function of one 
block is not suited to compensate for the variations in 
the channel transfer function of another block. 
[0025] The block diagram of Fig. 2 shows the basic 
layout for the power control of the output in a transmitter 
structure according to a conventional power control 
scheme. The user data to be transmitted are distributed 
by a multiplexer 21 to a number of processing branches 
26, whereby the number of the processing branches 26 
used corresponds to the number of blocks assigned to 
the communication link. Within a processing branch 26 
a subunit of hopping control 22 switches the frequency 
bands of the block assigned to that respective process- 
ing branch according to the hopping pattern defined 
within that communication link. The switching of the fre- 
quency band occurs independently for each block in the 
respective processing branch 26. 
[0026] The outputs from the hopping control of the dif- 
ferent processing branches are combined in the signal 
combiner 23 from which the resulting signals are then 
being passed on to the power amplifier 24. The gain in 
the amplifier is adjusted according to the content of the 
power control signal obtained from the receiver. This 
means that an identical power gain is applied to the dif- 
ferent blocks of the communication link obviously disre- 
garding the existing variations in the channel transfer 
function between the blocks. 

[0027] The signal is being passed on to the transmis- 
sion stage 25 after power amplification and further trans- 
mitted to the receiver. The transmission power will be 
above the necessary value. But, increasing the trans- 
mission power also extends the transmitter's reach. In 
a cellular wireless communication system, intercell-in- 
terference will be the consequence. 
[0028] For a more effective power control, the trans- 
mission power has to be adjusted individually for each 
block. Fig. 3 shows the block diagram of a circuit layout 



6 

in a receiver 30 for generating of a power control signal, 
which considers the variations in the signal quality of 
each individual block. The signals received from the 
transmitter are processed in the receiving front end 31 

5 of the receiver structure. It is to be emphasised, that only 
elements important for the understanding of the present 
invention are mentioned. Further elements necessary 
for the operation of the system components but bearing 
no informational value for the understanding of the 

10 present invention, are omitted for the sake of clarity. A 
multiplexer 32 distributes the processed signals to a 
number of processing branches 37 whereby the number 
of processing branches used corresponds to the 
number of blocks assigned to the current communica- 

15 tion link. 

[0029] The circuit layout within one processing branch 
is identical for all the processing branches, therefore it 
is discussed only once on behalf of all. The subunit block 
hopping control 33 particular for the respective process- 
20 |ng branch switches the frequency bands according to 
the hopping pattern set for the block assigned to this 
processing branch. 

[0030] The measuring means 34 measures the qual- 
ity of the signals modulated onto the subcarriers sepa- 
25 rately for each block and all processing branches. Par- 
ticularly relevant quantities for evaluating the signal 
quality are for instance the signal-to-noise-ratio, the car- 
rier-to-interference-ratio or the bit-error-rate But also 
other characteristic quantities can be used. Which quan- 
go tity will actually be used depends on the situation and 
can be subject to change with the service used. E. g. for 
a data transmission service the signal may be optimised 
for a minimal bit-error-rate. A judgement of the received 
signal quality can further be based on a combination of 
35 values obtained from the measurement of different 
quantities important for a characterisation of the trans- 
mission path. 

[0031] The result obtained from the measurement 
constitutes a quantitative quality statement which in it- 

40 self can not be used directly in the power control loop. 
The values obtained from the measuring means 34 first 
have to be classified in the classifying means 35 so that 
a command for the transmitter can be derived to either 
raise, keep or lower the power level for a block assigned 

45 to a processing branch. Which command belongs to the 
actual value, is decided by comparing it with one or more 
values or maybe with a certain threshold value, whereby 
those must not necessarily be fixed values but maybe 
adjusted dynamically based on the service used for the 

50 actual transmission. E. g., if the measured value is 
above the actual threshold a down command will be sent 
to the transmitter to instruct it to reduce the transmitted 
power for that special block. Assumed the measured 
value is below the actual threshold value, then an up 

55 command will instruct the transmitter to increase the 
transmitted power for this block. 

[0032] To avoid a constant change in the transmitted 
power level even when the channel transfer function for 
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a block does not change significantly, a blurred thresh- 
old value might be used for the decision or. in other 
words, the decision to raise or reduce the transmitted 
power for that block will only be made when the meas- 
ured value falls short or exceeds the threshold value by 5 
a certain amount. In a further advantageous embodi- 
ment of the present invention two values are defining a 
region so that, when the value falls within that region the 
transmitted power is to be kept constant, while when the 
measured value falls below that region the signal quality 10 
is judged to be insufficient and the transmitter is there- 
fore instructed to increase the transmission power for 
that block, and when the measured value is situated 
above this region, then the transmitter will be instructed 
to reduce the transmission power for this block. *5 
[0033] For every individual block the according 
processing branch yields a power control command for 
the receiver 30 which will be processed in the sending 
means 36 of the receiver and transmitted to the trans- 
mitter 40. The power control information can be sent in 20 
two or more parts, e. g. according to one embodiment 
of the present invention one individual control informa- 
tion will be sent for each individual block. 
[0034] A circuit layout for a transmitter structure ac- 
cording to the present invention is shown in Fig. 4. User 25 
data prepared for transmission by means not shown in 
the figure are distributed to the various processing 
branches 45 by a multiplexer 41 , whereby each of the 
processing branches is assigned to an individual block 
defined for the signal transmission of the corresponding 30 
communication link. The circuit scheme for each indi- 
vidual processing branch is identical to that of the oth- 
ers, therefore a description of one branch only is given 
on behalf of all. Block hopping control means 42 man- 
ages the switching of the frequency band individually for 35 
every block according to the hopping pattern defined for 
the block assigned to a certain processing branch and 
the period of a communication link. The amplifier 43 re- 
ceives the power control signal selectively for the block 
of each processing branch, and adjusts its power gains 40 
according to the information enclosed in the signal. It is 
to be understood, that the power control signal is re- 
ceived by a receiving means -of the transmitter not 
shown in the Fig. 4. A processing of the power control 
signal received from the receiver can be done by a spe- 45 
ctal means of the transmitter not shown in this figure, so 
that only control information relevant for the subunit of 
the amplifier 43 in the respective processing branch 45 
will be obtained and evaluated by this single subunit of 
the power amplifier 43 of this processing branch. But, so 
according to a further embodiment of the present inven- 
tion, a selection of the proper power control information 
can also be carried out by the power amplifier 43 itself. 
Finally, the total number of power adjusted block signals 
is processed in the RF front end 44 of the transceiver 55 
and sent to the receiver 30. 

[0035] By implementing both, the receiver structure 
30 and the transmitter structure 40 in mobile devices 



and base stations of a cellular wireless OFDM commu- 
nication system, the power control scheme according to 
the present invention is used for the up-link and the 
down-link of the established communications. 



Claims 

1 . A method for controlling the transmitting power of a 
wireless OFDM communication link, whereby two 
or more blocks (11, 12) in the time-frequency grid 
(1 0) of the OFDM system are assigned to said com- 
munication link and whereby each block can hop 
across the time-frequency grid of the OFDM sys- 
tem, comprising the steps of 

measuring the quality of signals received from 
a transmitter (40) by a receiver (30), 
classifying said signals quality, 
sending power control information from said re- 
ceiver to said transmitter based on the result of 
the classification of the signal quality, and 
adjusting the transmitting power of said trans- 
mitter according to said power control informa- 
tion, 

wherein 

said power control information sent to adjust the 
transmitting power of said transmitter contains sep- 
arate information for each block assigned to said 
communication link. 

2. A receiving device (30) for controlling the transmit- 
ting power of a wireless OFDM communication link 
established with a transmitter (40), whereby two or 
more blocks (1 1 , 1 2) in the time-frequency grid (1 0) 
of the OFDM system are assigned to said commu- 
nication link and whereby each block can hop 
across the time-frequency grid of the OFDM sys- 
tem, comprising 

a measuring means (34) for determining the 
quality of signals received from a transmitter, 
a classifying means (35) for classify ing said sig- 
nals quality, and 

a sending means (36) for sending power control 
information to said transmitter based on the re- 
sult of the classification of the signal quality, 

wherein 

said sending means encloses for each block (11, 
12) a separate information in said power control in- 
formation. 

3. A transmitting device (40) for controlling the trans- 
mitting power of a wireless OFDM communication 
link established with a receiver (30), whereby two 
or more blocks (11 , 12) in the time -frequency grid 
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(1 0) of the OFDM system are assigned to said com- 
munication link and whereby each block can hop 
across the time-frequency grid of the OFDM sys- 
tem, comprising 

a multiplexing means (41) for distributing the 
signals to be transmitted to separate process- 
ing branches, whereby each processing branch 
(45) is assigned to one block of said communi- 
cation link, 

an OFDM hopping pattern control means (42) 
providing a separate processing branch for 
each block assigned to said communication 
link, 

a power gain control means (43) adjusting the 
signal gain according to the power control in- 
formation received from said receiver, and a 
transmitting means for transmitting said gain 
adjusted signals, 

wherein 

said power gain control means provides a separate 
processing branch (45) for each block (11 , 12) as- 
signed to said communication link. 

4. A transmitting device for controlling the transmitting 
power of a wireless OFDM communication link es- 
tablished with a receiver according to claim 3 
characterised in, 

that said signal processing branch comprises an in- 
dividual subunit of said OFDM hopping pattern con- 
trol means (42) for the block assigned to this 
processing branch and an individual subunit of said 
power gain control means (43) for adjusting the sig- 
nal gain according to the power control information 
received for the block assigned to this processing 
branch from said receiver. 

5. A method, a receiving device, and a transmitting de- 
vice for controlling the transmitting power of a wire- 
less OFDM communication link according to one of 
the claims 1 to 4 

characterised in, 

that the measurement of the signal-to-noise-ratio 
forms a basis for the measurement of the signal 
quality. 

6. A method, a receiving device, and a transmitting de- 
vice for controlling the transmitting power of a wire- 
less OFDM communication link according to one of 
the claims 1 to 5 

characterised in, 

that the measurement of the carrier-to-interfer- 
ence-ratio forms a basis for the measurement of the 
signal quality. 
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less OFDM communication link according to one of 
the claims 1 to 6 
characterised in, 

that the measurement of the bit-error-rate forms a 
basis for the measurement of the signal quality. 

8. A method, a receiving device, and a transmitting de- 
vice for controlling the transmitting power of a wire- 
less OFDM communication link according to one of 
the claims 1 to 7 

characterised in, 

that said blocks (11, 12) hop across the time-fre- 
quency grid (10) according to a pseudo-randomly 
scheme 

9. A method, a receiving device, and a transmitting de- 
vice for controlling the transmitting power of a wire- 
less OFDM communication link according to claim 8 
characterised in, 

that the hopping pattern is repeated with a period 
of one frame 

10. A method, a receiving device, and a transmitting de- 
vice for controlling the transmitting power of a wire- 
less OFDM communication link according to claim 8 
characterised in, 

that the hopping pattern is repeated with a period 
of one superframe 



30 11. Amethod, a receiving device, and a transmitting de- 
vice for controlling the transmitting power of a wire- 
less OFDM communication link according to claim 8 
characterised in, 

that the hopping pattern is repeated with a prede- 
35 fined fixed time period. 



12. A method, a receiving device, and a transmitting de- 
vice for controlling the transmitting power of a wire- 
less OFDM communication link according to one of 
the claims 1 to 11 
characterised in, 

that the power control is used for uplink connec- 
tions from a mobile communication device to a base 
station. 



20 
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13. Amethod, a receiving device, and a transmitting de- 
vice for controlling the transmitting power of a wire- 
less OFDM communication link according to one of 
the claims 1 to 12 
characterised in, 

that the power control is used for downlink connec- 
tions from a base station to a mobile communication 
device. 



55 



7. A method, a receiving device, and a transmitting de- 
vice for controlling the transmitting power of a wire- 
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